906-63 Quantitative Doppler Tissue Imaging for the Noninvasive Assessment of Left Ventricular Contractility  by Bach, David S. et al.
56A ABSTRACTS lACC February 1995
1905-60 I
EDV-2ch EDV-4ch ESV-2ch ESV-4ch
Vol (ml) 88 ± 30 97 ± 30 43 ± 20 50 ± 22
AL 0.76 0.56 0.58 034
p 0006 0049 0.061 0.258
Vollml) 80 ± 33 90 ± 31 40 ± 21 45 ± 20
mod.S 0.76 070 072 058
p 0006 0008 0012 0.037
Conclusions: [1] AO underestimates absolute EDV and ESV measured by
EBCT. [2] AO-EDV correlates well with EBCT, particularly using the mod.S
method. [3] AO-ESV correlation to EBCT drops due to the asymmetric con-
traction pattern of infarcted ventricles. [4] The AL method's accuracy is par-
ticularly susceptible to asymmetric contraction in distorted ventricles. [5]
Correction factors can be applied to account for the offset of EDV and ESV
measurements by AO.
Improved Quantitation of Left Ventricular Area
and Fractional Area Change by Automatic
Contour Chase: A New Method for Automated
Border Detection without Tracing a Region of
Interest
beam computed tomography (EBCT) volume measurements in patients with
first anterior O-wave MI and abnormally contracting ventricles. End-diastolic
(EDV) and end-systolic (ESV) volumes by AO were determined from standard
four-chamber (4ch) and two-chamber (2ch) apical windows. The AO tracings
were transformed to volumetric measurements using the area-length ( AL)
and the modified Simpson's (mod.S) methods. EDV and ESV by EBCT were
obtained conventionally by summation of manually traced LV areas on each
short axis tomograms using Simpson's rule. Thirteen patients were imaged
by both EBCT and echocardiographywithin 24 hours. EBCT-EDV ranged from
129-234 ml (mean 173 ± 34 mil and ESVfrom 58-1 09 ml (mean 82 ± 19 ml).
The EDV and ESV by AO, their correlation to EBCT and the accompanying p
values are shown below:
Kiyoshi Yoshida, Junichi Yoshikawa, Takeshi Hozumi, Takashi Akasaka,
Tsutomu Takagi, Hideki Yoshioka 1. Kobe General Hospital Kobe, Japan; 1Toshiba
Kansai Research Laboretory, Kobe, Japan
Automated contour chase (ACC) is a new contour extraction model which au-
tomatically detects and tracks a heart wall boundary by an energy minimiza-
tion method. In conventional acoustic quantification (AO) method, a part of
the left atrium is always included in the calculated left ventricular area (LVA)
from apical views as shown in the bottom figures. ACC can extract heart wall
boundary and calculate ventricular area and volume without tracing a region
of interest (ROI). To test the accuracy of a newly developed ACC method in
the quantitation of LVA and fractional area change (FAC), nine patients were
studied by ACC, AO, and manual analysis. Results: There was no significant
difference in end-diastolic LVA among each analysis. Although there was no
significant difference in end-systolic LVA between ACC and manual analysis,
end-systolic LVA calculated by AO was larger than that calculated by manual
tracing (p < 0.05). Although there was a good correlation in FAC between
ACC and manual analysis (r ~ 0.85), correlation between AO and manual
analysis was somewhat lower (r = 0.67).
Conclusion: A newly developed ACC appears to be a better method for
automated quantitation of the left ventricular area and FAC.
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Preoperative Assessment of Contractile Reserve
at Exercise Echocardiography Predicts Left
Ventricular Function After Mitral Valve Repair
Dominic Leung, Thomas Marwick, Brian Griffin, Kam Lee, Annitta Morehead,
Delos Cosgrove, William J. Stewart, James D. Thomas. Cleveland Clinic Foundation,
Cleveland, OH
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ischemia after a positive DSE, and they had maximal heart rates and blood
pressures during surgery below the treshold for ischemia during DSE.
This study confirms that DSE can discriminate pts at high risk from those
at relatively low risk for myocardial ischemia during aortic surgery, and can
identify the myocardial area at risk. However, the predictive value is limited
when intraoperative changes in heart rate or blood pressure exceed those
achieved during DSE.
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Postoperative (postop) left ventricular (LV) ejection fraction (EF) after surgery
for mitral regurgitation (MR) is difficult to predict using preoperative (preop)
markers of resting LV function. To determine whether exercise (EX) parame-
ters are more predictive, we compared LV volume and EF responses to EX
with postop EF measured at predischarge echo in 27 patients (74% male,
age 58 ± 12 y) without coronary disease undergoing valve repair for MR.
Postop EF was also correlated with resting end-systolic and end-diastolic
volume index (ESVI and EDVI) and EF. and resting dP/dT (measured from CW
Doppler of the MR jet in 19 pts with adequate signals).
Results. Preop resting EF and EFEX were 61 ± 10% and 63 ± 13%; postop
EF was 53 ± 14%. Change in resting EF postop could be predicted from
EF change with EX using the equation; EF change postop = O.9EF change
postex-9.5 (r = 0.75, P < 0.001). In pts with EF increase >10% with EX, rest
EF was preserved postop (sensitivity 83%, specificity 100%). Preop rest ESVI
and ESVIEX were 28 ± 12 and 23 ± 10 ml/m2, postop EF correlated with
ESVIEX ; (r = 0.75, P < 0.001). Thus, ESVEX of <27 ml/m2 identified pts whose
postop EF was >50% (sensitivity 83%, specificity 100%). Resting dP/dT of
> 1000 mmHg/sec was 60% sensitive and 67% specific for predicting post-
repair EF > 50%. Preoperative resting EDVI (r = -0.35), ESVI (r ~ -0.36).
rest EF (r = 0.14) and EDVI EX (r = -0.35) were not predictive of postop EF.
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New Methods to Quantitate Left Ventricular
Global and Regional Function
Monday, March 20,1995, Noon-2:00 p.m,
Ernest N. Morial Convention Center, Hall E
Presentation Hour: Noon-1 :00 p.m.
Conclusions: LV contractile reserve measured as EFEX and ESVEX with
exercise echo can be used to predict postop LV function in pts undergoing
valve repair for MR.
Jean Buithieu, Thomas Behrenbeck, Thomas Allison, Thomas Gerber, Judd
E. Reed, David A. Foley, John A. Rumberger, A. Jamil Tajik, James B. Seward.
Mayo Chnic, Rochester, MN
Assessment of LV size and function by acoustic quantification (AO) correlates
well with other techniques in patients with normally contracting ventricles.
This prospective study examined the correlation between AO and electron
1906-6311906-611 Acoustic Quantification in the Infarcted Ventricle:
Comparison with Electron Beam Computed
Tomography
Quantitative Doppler Tissue Imaging for the
Noninvasive Assessment of Left Ventricular
Contractility
David S. Bach, Carolyn L. Donovan, William F. Armstrong. University ofMichigan,
Ann Arbor, MI
Doppler Tissue Imaging (DTI) is a new noninvasive imaging modality that
allows direct quantitation of myocardial velocity. This study was designed
to test the correlation of peak systolic myocardial velocities with other mea-
sures of left ventricular (LV) systolic function under conditions of varying con-
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tractility. Nine patients with mild or moderate mitral regurgitation (MR) and
resting LV ejection fraction (EF) 14 to 70% (41.7 ± 22.2) underwent quan-
titative DTI of the inferoposterior mid-myocardium. LV dP/dt was estimated
from the rate of change of MR velocity on continuous wave Doppler. LV EF.
dPldt and DTI peak systolic velocity (Vel) were measured both at rest and
during dobutamine (Dobut) infusion (range 30 to 50 mcglkglmin, mean 34 ±
7l. and evaluated for change (A) from baseline:
Rest Dobut p
to 58 ± 17 mm/s, whereas in the CAD-group the mean WMV were 31 ± 12
(Rl. 33 ± 11 (LD) and 37 ± 15 mm/s (PE) respectively. In pts with CAD dur-
ing dobutamine-infusion the beginning of systolic contraction detected by
TDE-M-Mode-registration was delayed in comparison to normal subjects.
Conclusion: Detection of exercise-induced decrease of myocardial ve-
locity by combination of color-coded tissue Doppler-echocardiography and
dobutamine-stress-echocardiography is a new valuable method for detec-
tion of regional impairment of left ventricular wall function.
Quantitative Analysis of Left Ventricular Wall
Motion Abnormality Using Real-time
2-Dimensional Echocardiographic Motion
Imaging System
Is Mitral Annulus Motion During Early Diastole
Active or Passive? Clinical·Evidence of Elastic
Recoil
Peak Ea peak Em C.O C.peak
Group 1 7.3 ± 2 cm/s 94 ± 30 emls -1.5 ± 12 msee 7.5 ± 19 msee
Group 2 11.3 ± 3 emls 61 ± 18 em/s -1 ± 15 msec -22 ± 15 msec
p 0.009 0.01 ns 0002
Conclusion: 1) In patients with diastolic dysfunction the peak early velocity
of annular motion is lower despite higher mitral filling velocities. 2) In nor-
mals, the peak velocity of annular motion precedes peak mitral filling. This is
reversed in patients with abnormal diastolic function. 3) These data suggest
that LV recoil contributes significantly to normal early LV filling.
Katsufumi Mizushige, Tetsuya Tanaka, Hisashi Masugata, Tomohiko Nishiya,
Kay Yoshikawa, Hisaki Morita, Hirohide Matsuo. Kagawa Medical School, Japan
Although automated border detection techniques permitted real-time mea-
surement of cavity area throughout the cardiac cycle, evaluation of LV re-
gional wall motion have been semi-quantitatively based upon visual findings.
A newly developed 2-D echo motion imaging system with 3.5 MHz trans-
ducer stores an endocardial edge echo and real-time track image of LV mo-
tion is visualized as a white zone. Excursion and direction of LV wall motion
were identified as width and gradual brightness from dark to bright on 2-0
echo image, respectively. In 20 patients with myocardial infarction and 9 nor-
mals, real-time motion images on parasternal and apical long-axis 2-0 echo
were recorded on video tape. Wall excursion were measured at 61 sites in-
cluding interventricular septum (IVS) and LV infero-posterior wall (PW). Con-
ventional optimal 4-graded classification of LV wall motion (Normo, Hypo, A,
and Dyskinesis) was simultaneously performed by two individual observers.
Excursions of IVS were 8.2 (4.9-14.0) mm at 15 Normo sites and 4.0 (2.8-
4.8) mm at 8 Hypo sites, and those of PW were 8.3 (4.7-15.0) mm at 21
Normo sites and 4.1 (2.8-5.3) mm at 5 Hypo sites, and less than 2.1 mm
at 9 akinetic sites. 3 dyskinetic segments were depicted as conversed grad-
uate zone in brightness and clearly distinguish from others. Thus, real-time
2-dimensional echocardiographic motion imaging system provides objective
and quantitative estimation of LV wall motion on 2-0 echo.
Leonardo Rodriguez, Mario Garcia, Miguel Ares, Dominic Leung, James
D. Thomas, Brian Griffin. Department of Cardiology, Cleveland Clinic Foundavon
It has been postulated that elastic recoil plays an important role in LV filling
and its absence or reduction contributes to diastolic dysfunction. Early dias-
tolic motion of the mitral annulus is related to LV recoil. We hypothesized that
if elastic recoil promotes LV filling then peak annular velocity should precede
peak mitral filling and that diastolic dysfunction would alter this relationship.
In order to elucidate this issue we studied the motion of the mitral annulus
using Doppler Tissue Imaging (DTI) and compared it with Pulsed Doppler
of the mitral inflow in 10 patients with diastolic dysfunction (Group 1) and
10 age-matched controls (Group 2). Methods: Group 1 comprised patients
with LVH n = 8 and cardiomyopathy n = 2. Mean age was 57 ± 15 years.
All were in sinus rhythm. Mitral inflow pulsed Doppler and DTI mitral annu-
lar velocities were recorded from the apical 4ch view using an ultrasound
machine with DTI capabilities. The following measurements were obtained:
peak early diastolic annular velocity (Ea), peak E wave of mitral inflow (Em).
time difference between the onset of annular motion and onset of mitral flow
(Ao) and time difference between peak Ea, and peak Em (Apeak)' Results:
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149 ± 8.3
12.6 ± 8.7
716 ± 622
566 ± 27.9
353 ± 10.1
1766 ± 768
41.7 ± 22.2
22.7 ± 4.2
1050 ± 322
Use of Color-coded Tissue Doppler for
Dobutamine-Stress-Echocardiography
EF(%)
DTI Vel (mmls)
dPldt (mmHglms)
Doppler Tissue Imaging of Left Ventricular
Myocardium - Initial Results During
Pharmacologic Stress
Helene von Bibra, Anja Tuchnitz, Christian Firschke, Helmut Schuhlen,
Albert Schomig. Med. KJinik Technical University. Munich. Germany
Thomas Buck, Jaroslaw Drozdz, Frank Schon, Roman Leischik, Dietrich Baumgart,
Junbo Ge, Gunter Gorge, Michael Haude, Raimund Erbel. Dept. of Cardiology,
University of Essen, FRG
In order to improve analysis of regional wall motion color-coded tissue
Doppler-echocardiography (TOE) 14 dobutamine-stress-echocardiograms
(DSE) (5-40 /Lg/kg/min) were performed to detect left ventricular myocar-
dial tissue and to measure left ventricular myocardial velocity (WMV) during
contractile stimulation. The patients (pts) were divided into 11 with known 2-
3 vessel coronary artery disease (CAD) including LAD-stenosis and a normal
group (N) of 3 without CAD. At phases rest {Rl. low dose (LD = 10 /Lglkg/min)
and peak exercise (PE) we registered with TOE a 2-dimensional echo at RAG-
view and at parasternal long axis with a M-mode registration, respectively.
Measurements of myocardial velocities were performed by placing a point
of interest in the middle part of each AHA-segment in each frame covering
one heart cycle (frame rate = 26-36/s).
Results: The mean WMV in the N group increased during low-dose dobu-
tamine infusion from 43 ± 11 to 49 ± 11 mm/s and during high dose infusion
Direct relationships existed between LV dP/dt and both EF (R = 0.78, P =
0.004) and DTI Vel (R = 0.81, P = 0.002). The change in dP/dt during dobu-
tamine infusion compared to baseline exhibited a stronger correlation with
change in DTI velocity (R = 0.77) than with change in ejection fraction (R ~
0.35).
We conclude that 1) both EF and peak systolic myocardial velocity are
directly related to LV contractility measured by dPldt. and 2) catecholamine-
induced alteration in myocardial contractility is better reflected by changes
in myocardial velocity than by changes in EF. Measurement of myocardial
velocity using quantitative DTI may be useful in the noninvasive assessment
of ventricular contractility, and may be a useful adjunct to echocardiographic
wall motion analysis during catecholamine stress testing.
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The new technique of Doppler tissue imaging (DTI) theoretically has the
potential to quantify regional myocardial function. To determine the pat-
tern of normal and ischemic LV contraction and relaxation during pharma-
cologic stress we studied DTI during a Dobutamin stress test !incremen-
tal steps from 5 up to 40 mcglkg/min per 5') in 18 patients with suspected
ischemic heart disease using coronary angiography (CA) and conventional
stress echocardiography (SE) for reference. We used a conventional ultra-
sound equipment (Acuson 128 XP) with software modifications which al-
lowed also the display of myocardial regional velocities by colour Doppler
(CD) and by the pulsed Doppler mode. Velocity patterns were analyzed in
representative regions for each vascular bed as for peak velocities of contrac-
tion (Ve ) and relaxation (VR) and were compared to the echocardiographic
score index in a 14 segment model.
DTI images in CD and pulsed wave Doppler could be obtained in all pa-
tients. The analysis of 2-dimensional CD images gave similar morphological
regional information as SE. Analysis, however, proved difficult in the pres-
ence of high heart rates due to low frame rates. In the 7 patients without
coronary artery disease, there was a significant increase of Ve (9.3 ± 4.1
to 13.1 ± 5.3 cm/s) and VR (-10.4 ± 2.6 to -148 ± 4.2 cm/sl during peak
stress (p < 0.01). In infarcted beds, Ve and VR were low both before and
during peak stress. In regions supplied by an artery with <50% stenosis, VR
more than Ve decreased during peak stress. Sensitivity for the diagnosis of
coronary artery disease was 81 % using SE and 92% using DTI.
In conclusion: DTI provides quantification of regional LV contraction and
relaxation and thus augments ultrasound stress studies.
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